Introduction
Recently, two questionnaire-based surveys of pediatricians, one from UK by Paul et al. and another by Malik et al. from India, have been published in the Indian Journal of Gastroenterology, which highlight the pattern of current practices in the diagnosis and management of patients with celiac disease (CeD) [1, 2] . While Paul et al. [1] utilized either a telephone or an electronic mail to conduct their survey involving 100 pediatricians practicing in Southwestern England, Malik et al. [2] used electronic mail alone involving 271 pediatricians across India. Paul et al. focused primarily on the awareness of pediatricians about European Society of Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) guideline of the non-biopsy pathway for the diagnosis of CeD [1] . Malik et al., on the other hand, focused on the overall practice pattern pertaining to CeD such as its most common presenting symptoms, known associations, standard diagnostic criteria, and its management [2] . These two studies have not only brought a few interesting observations but also a few alarming patterns of practices both for the diagnosis and the management of CeD [1, 2] . We have selected a few relevant points from both the studies, and we have reviewed the standard guidelines and the relevant literature around these points and summarized these in this technical report.
Burden of the disease
Until a few decades ago, CeD has been considered to be an uncommon disorder affecting mainly children and remained limited to the Western Europe [3, 4] . However, over time, it was realized that there is no age bar for CeD as it can affect any age group; moreover, it is a global disease. Recognition of the wide spectrum of CeD, simplification of the diagnostic criteria, and widespread use of celiac-specific serological tests (antitissue transglutaminase [tTG] antibody, anti-endomysial antibody [AEA], or anti-deamidated gliadin peptide antibody) have led to an increase in the recognition of CeD globally [3, 4] .
Population-based screening studies from Europe, North America, and other parts of the world indicate that CeD is a major public health problem [5] [6] [7] [8] . We, in a systematic review and meta-analysis of these studies, showed that the pooled global seroprevalence of CeD in the general population is 1.4% (95% confidence interval [CI] 1.1 to 1.7%) [9] . Most population-based epidemiological studies on CeD prevalence are based on serological data, and the diagnosis of CeD in all seropositive patients has not been confirmed by invasive small-intestinal mucosal biopsies. Therefore, the global pooled prevalence of biopsy-proven CeD, which is 0.7% (95% CI 0.5 to 0.9%), is lower than the seroprevalence of CeD. Based on these data, approximately 37 to 59 million people are expected to suffer from CeD worldwide. While CeD is still evolving in many countries, interestingly, the prevalence of CeD has increased by 2-fold over the last two decades in many European countries and USA [8, 10] . Of the world's top ten most populated countries, population-based prevalence data on CeD are available from India, the US, Brazil, and Russia but are largely lacking from China, Indonesia, Pakistan, Nigeria, Bangladesh, and Japan [9] .
Traditionally, CeD was thought to be uncommon in India; however, an increase in the number of cases had been recognized in late 1990 and 2000 onwards [11] [12] [13] [14] [15] [16] . Three population-based studies, two from the northern parts of India and another multi-centric pan Indian study, showed that the overall prevalence of CeD in India is 0.67% and 1.2% in northern parts of India [17] [18] [19] . These estimates suggest that there are 6 to 8 million patients with CeD in India, and of that, only a minority are actually diagnosed or come to clinicians' attention.
While the global pool of the patients is so large, most patients (83% and 95%) in developed countries, and possibly an even higher number in developing countries, still remain undiagnosed [3, 4, 9] . This large pool remains unrecognized partly because of lack of classical gastrointestinal (GI) symptoms in approximately half of the patients. The spectrum of clinical manifestations of CeD is wide and includes both GI symptoms such as chronic diarrhea and dyspepsia, and extra-GI manifestations such as short stature, failure to thrive, anemia, dermatitis herpetiformis, infertility, and liver diseases [20, 21] .
While there was a poor awareness about CeD not only among physicians but also general public, the survey by Malik et al. [2] showed that awareness has increased not only in them but also among the parents of children with CeD and that has led to an increased detection of CeD [2] . The increase in the awareness about CeD is also reflected by increasing number of scientific publications, establishment of patient support groups and celiac disease societies, discussions about CeD in medical conferences and continuing medical education (CME) programs, increase in the market value of glutenfree products, and a distinct increase in the media coverage about CeD and gluten-related disorders.
Evolution of the diagnostic criteria and challenges in their implementation in the diagnosis of CeD
The diagnostic criteria for CeD have evolved over time. The first criterion for the diagnosis of CeD was laid down in 1979. The Interlaken guidelines was based on the outcome of three sequential intestinal biopsies, i.e. demonstration of villous abnormalities on a normal gluten-containing diet, resolution of these abnormalities on gluten-free diet (GFD), and their recurrence on reintroduction of gluten-containing diet [22] . During that time, only a limited number of patients could be recognized to have CeD because of rigor of the diagnostic criteria, which could be followed in general practice.
In 1990, the ESPGHAN issued revised diagnostic criteria from the requirement of three sequential intestinal biopsies to just one at the beginning to demonstrate villous atrophy for the diagnosis of CeD in patients greater than 2 years of age; however, for confirmation of the diagnosis, a persistent response to GFD after 2-3 months was required [23] .
The foundation of modern-day serological tests was laid in 1970s when Shiner and Ballard showed an increase in extracellular deposits of immunoglobulins, especially IgA, in the jejunal mucosa of children with CeD after a gluten challenge [24, 25] . Immediately thereafter, similar IgA deposits in the basement membrane were also reported in the small-intestinal mucosa of untreated patients with CeD [26, 27] . It was also found that during a GFD, the antibody deposits disappeared, but when gluten was reintroduced in their diet, the antibody deposition rapidly reappeared in them [28] . Later, anti-gliadin antibody (AGA) was described and AGA remained the first line celiac-specific serological test until the 1990s [29] . In 1990s, AEA was discovered and a combination of AGA with AEA testing became the standard diagnostic strategy [30] . Subsequently, a high false positive rate for AGA was observed, which led to a fall in the use of AGA in the screening of patients suspected to have CeD. Later, with the discovery of anti-tTG as a substrate for AEA, tTG-based enzyme-linked immunoassays (ELISA) became the standard diagnostic test for CeD [31] .
Of all the serological tests, IgA anti-tTG2 antibody is the most widely used test both for the diagnosis and initial screening for CeD because of its high sensitivity and specificity, ease of use, and its quantitative capability. In a recent systematic review, Chou et al. reported a pooled sensitivity of anti-tTG antibody to be 92.8% (95% CI 90.3 to 94.8%); specificity 97.9% (95% CI 96.4 to 98.8%); a positive likelihood ratio (LR) of 45.1 (95% CI 25.1 to 75.5) and negative LR of 0.07 (95% CI 0.05 to 0.10) [32] . IgA anti-tTG antibody levels also correlate with the degree of severity of mucosal damage, and a titer of 10-fold or higher over the upper limit of normal (ULN) predicts the presence of villous abnormality with very high specificity [33] .
With the above-mentioned observations, in 2012, ESPGHAN came out with a revised set of guidelines, according to which the need for a mucosal biopsy can be obviated in symptomatic children if (a) levels of IgA anti-tTG antibody are elevated to more than ten times the ULN; (b) if the patient is positive for AEA; and (c) if the patient is positive for HLA-DQ2/DQ8 [34] . While the ESPGHAN suggests a non-biopsy pathway of diagnosis, most other guidelines including American College of Gastroenterology, British Society of Gastroenterology, European Society for the Study of Coeliac Disease, World Gastroenterology Organization, and Indian guidelines suggest that demonstration of significant villous abnormality on duodenal mucosal biopsies is essential for the diagnosis of CeD [34] [35] [36] [37] [38] [39] .
The basis for a non-biopsy approach for the diagnosis of CeD
The pathological changes in patients with celiac autoimmunity and CeD are a continuum from raised intraepithelial lymphocytes to crypt hypertrophy to varying degree of villous abnormalities. At present, the diagnosis of CeD is made on the basis of presence of villous abnormalities of modified Marsh grade 2 and above. The relevant question is whether we can predict the presence of villous abnormalities based on the titer of anti-tTG antibody in the serum? There are studies to suggest that presence of significant villous abnormalities can be predicted with high degree of sensitivity and specificity if the anti-tTG titer is more than 10-fold ULN and such a consistent observation forms the basis for the non-biopsy approach of the recent ESPGHAN criteria for the diagnosis of CeD. The reliability of serological tests provided credence to ESPGHAN to recommend that in a subset of symptomatic patients, the diagnosis of CeD may be established using antitTG antibody levels 10-fold the ULN along with positive AEA in the presence of HLA compatible with CeD, thus obviating the need for duodenal biopsy [34] .
While there are well-defined guidelines for the diagnosis of CeD with both biopsy and non-biopsy approaches, the awareness and uptake of guidelines by pediatricians and physicians is not optimal. The study by Paul et al. [1] was primarily aimed at assessing awareness of the non-biopsy pathway of the ESPGHAN 2012 criteria among pediatricians practicing in Southwestern England. While 100 of 101 respondents were aware of the existence of such criteria, only 17 respondents stated that all the criteria were required for the diagnosis by a non-biopsy pathway, and 33 of them would make a diagnosis based on the anti-tTG titer alone even in asymptomatic children [1] . The study from India by Malik et al. [2] reflects the current practice pattern in India and the data is alarming. First of all, only half of the pediatricians would follow the laid down guidelines, while 26.5% would make a diagnosis of CeD based on a single value of anti-tTG antibody and 6.8% with a positive AEA alone. Furthermore, 10.3% of them would make the diagnosis of CeD based on a positive AGA, which is no more recommended either as a screening or a diagnostic serological test for CeD because of a high false positivity rate. Since CeD is a lifelong disease, all attempts should be made to make a definitive diagnosis based on the laid down criteria. A diagnosis based on insufficient evidence is likely to lead to challenges in near future, especially once there is a poor response to GFD. One will not be able to differentiate if the non-response to GFD is because of poor adherence to it or a wrong diagnosis. We would like to emphasize that both the serological tests and the histological changes will revert with GFD and hence a normal serology and a normal biopsy later on during follow up will neither confirm nor refute the diagnosis of CeD.
Challenges associated with a diagnosis based on serology alone
An anti-tTG antibody at a lower titer may not always reflect the presence of villous abnormalities and this may be a part of celiac autoimmunity and not CeD. Furthermore, there could be a false positive anti-tTG antibody in various other autoimmune diseases and chronic liver diseases. Human tTG antigens used in commercial kits are variable ranging from recombinant human tTG to human tTG cross-linked to gliadin specific peptides [40] [41] [42] . In addition, commercial kits typically provide sensitivity and specificity values that are calculated using small, poorly defined populations, which can be misleading. Several studies comparing different anti-tTG antibody-based assays from different manufacturers have revealed variable sensitivities and specificities for detecting CeD; however, most of these studies were small in sample size and did not have the necessary power to accurately comment on the diagnostic accuracies of the testing [40, 43] .
Screening of the first-degree relatives of patients with CeD
The first-degree relatives (FDR) of patients with CeD, comprising of their parents, siblings, and children, are at approximately 7-8-fold higher risk of developing CeD as compared with the general population [44] . Among FDRs, sisters and daughters are at the highest risk (approximately 14-folds), in comparison with sons and brothers who are at 6-folds higher risk of developing CeD [45, 46] . While all the first-degree relatives of patients with CeD should be screened for it using anti-tTG antibody, only 46% of pediatricians in the study by Malik et al. and 45% of other healthcare professionals in one of our previous studies would like to screen them for CeD [47] . We identify this observation is also a gap in the appropriate management of patients with CeD and their families.
Treatment of patients with CeD
The standard of treatment of CeD at present time is lifelong and complete avoidance of cereals and food products containing gluten (GFD); in the study by Malik et al. [2] , 12.3% of pediatricians felt that gluten could be re-initiated after patients have improved on GFD. In a double-blind, placebo-controlled prospective study, Catassi et al. [48] demonstrated that an intake of as little as 50 mg of gluten per day for 3 months was sufficient to cause a significant decrease in the intestinal mucosal villous height/crypt depth ratio. Therefore, a lifelong and complete avoidance of gluten should be maintained. All patients should be counseled both by the physicians and trained dieticians about GFD. While it is easy to prescribe GFD, it is extremely challenging for patients to adhere to the treatment completely because of widespread use of gluten in the food industry. Lapses in dietary adherence, inadvertent or advertent, have been reported in 42% and 96% of patients with CeD [49] .
In conclusion, CeD is a worldwide public health problem with an estimated pool of 37 to 59 million patients globally of which only a small fraction has either been diagnosed or received clinical attention. While there were well laid down guidelines by various international and national societies for the diagnosis and management of CeD, gaps in their appropriate implementation in the general practice appear alarming. We believe that the two recent surveys, as described above, are the wake-up call for increasing awareness among the pediatricians and physicians about appropriate implementation of the diagnostic algorithm [50] . CeD is a lifelong disease and complete avoidance of gluten-containing food products is the only known effective treatment for it. While it is easy to prescribe GFD to these patients, there are challenges in maintaining a good compliance to it. Therefore, it is essential that a reliable diagnosis of CeD is made before instituting GFD in these patients.
